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Overview
Need for measuring absorbed dose
Characteristics of ideal 2D and 3D detectors

Energy dependence of detector response to
absorbed dose
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Absorbed dose versus fluence

, dd 02 d
Most of this conference: @, Py or pypy
This sentation: D _ 4e

€ = € — €our + AQ = energy imparted

« thermalisation
« jonisation

« chemical states
« physical states




e

NPLE MedAustron®

Need for accurate dosimetry
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Need for measuring absorbed dose

At the cellular level:
direct DNA damage: ionisation at nanoscale
indirect DNA damage: ionisation at microscale
other damage: tens of micrometers scale
bystander effects: millimetre scale

For photons and electrons:
biological effects ~ ionisation ~ absorbed dose
For protons and ions:
biological effects ~ ionisation * w; ~ absorbed dose * w; * wy.
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Need for 3D dosimetry

Homogeneity
Target coverage
Cold spots
Out-of-field dose

Integral dose
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Requirements

High spatial resolution

Small dosimetric "voxels”

Ease of operation, non-toxic

Reasonable cost

Fast readout

Stable in time; reproducible

Signal proportional to dose (or known functional relation)
Dose rate independent, large dynamic range
Orientation independent
Water-equivalence

Minimal/managable perturbing
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passive (scattered) - dynamic (scanned)
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Scanning for passive beams
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Arrays and 2D, 3D dosimeters for
dynamic beams
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Calorimetry (thermalisation)

MedAustron®

Dmed= med'AT

C AT/D
(J-kgt-K1) (mK-Gy1)
water 4180 0.24

graphite 710 1.41

(m2-s1)
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0.80x10+4
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Calorimeters -
water VS graphite
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Water calorimeters - energy
independent chemical heat defect?
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Graphite calorimeters - energy
independent dose conversion?
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Tonization chambers
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Dose determination with ion chamber

Dw :l)air SW,air ,D
H_QW_Q w
e e

air -
air P Vair

@ charge produced in the air of the chamber

W: mean energy required to produce an ion-pair in air

Unfortunately, for commercially available chambers, the volume V
is not known with the necessary accuracy (would otherwise be a
primary standard!).

We have to rely on methods other than “first principles”, which 17
involve the use of ion chamber calibration factors

PPRIG workshop, Teddington UK, 12-13 Mar 2014




0 IR —

NPLE] Med

Water/air stopping power ratio
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Perturbation correction factors
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Tonisation chambers - overall conversion
air to dose
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Tonisation chambers (& any ionisation
detector) - charge recombination
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Ton chambers - recombination
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diamond detectors
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Silicon-based detectors
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TLD - protons
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NPL therapy level alanine/EPR

Operates since 1991
Bruker ESP 300 X-band 9” magnet

Pellets
90% alanine + 10% paraffin wax
5 mm diameter
0.5 mm and 2.5 mm nominal thickness

Measurement reproducibility of
2. 5 mm pellets ~ 0.05 Gy
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Alanine/EPR dosimetry

Bassler et al, NIMB 266 929-936, 2008
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Radiochromic film
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Radiochromic film - energy dependence
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An interesting one... depth dose
distribution for fluence determination

Pic laser induced beam

Relative dose (arbirtary units)
w

Depth in PMMA /mm

Fig.9. Plot(a)shows acomparison of
proton spectra for shot 2 calculated
using the RE response of HD-810
(solid line) and without, ie., full
energy deposition (dashed line). Plot
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Kirby et al. 2011 Laser Part Beams 29:231
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Alanine - plan verification

Radiotherapy and Oncology 108 (2013) 99-106

20¢m

/ s | \‘\ ‘ ' |
o Table 2 ' ‘
b7 Results of dose measurements in a carbon ion beam with 20 alanine dosimeters and with a Farmer chamber. The different conversion factors for each alanine pellet (A1-D5) and
their overall mean dose are listed explicitly.
Dosimeter TS TPS corrected Dy mcs [GY] Relative sy ;oo dl g, W Dyiag (Gy) Deviation (%)
; : - (B P) (5 /Pl .
for daily output effectiveness

“"_. Al 10.01 9.89 7.42 0747 0.970 1.6 9.80 09
20cm &2 A2 10.05 9.93 7.41 0748 0.970 1.6 9.76 1.6
S m A3 10.05 9.93 7.30 0744 0.970 1.6 9.67 2.6
b | Q Ad 10.00 9.88 735 0745 0.970 1.016 9.73 1.4
A5 9.04 9.82 7.36 0748 0.970 1.6 9.69 1.2
B1 10.01 9.89 827 0840 0.970 1.7 9.73 1.6
B2 10.02 9.90 822 0839 0.970 1.7 9.67 23
B3 10.01 9.89 823 0.840 0.970 1.7 9.67 2.2
B4 10.00 9.88 824 0840 0.970 1.7 9.68 2.0
BS 9.97 9.85 828 0839 0.970 1.7 9.73 1.1
A c1 10.05 9.93 8.55 0876 0.970 1.018 9.63 3.0
c2 10.04 9.92 8.56 0877 0.970 1.018 9.64 2.8
c3 10.03 9.91 8.40 0877 0.970 1.018 9.46 4.5
c4 10.04 9.92 8.62 0878 0.970 1.018 9.69 22
4 Cc5 10.06 9.93 8.60 0877 0.970 1.018 9.68 2.5
-— D1 10.02 9.90 8.59 0900 0.970 1.8 0.43 47
D2 10.02 9.90 8.86 0900 0.970 1.018 9.72 1.7
D3 10.01 9.89 9.00 0898 0.970 1.018 9.90 01
D4 9.99 9.87 8.79 0897 0.970 1.018 9.67 1.9
D5 10.05 9.93 8.76 0898 0.970 1.8 9.63 2.9
Mean dose 10.02 9.89 - - - - 9.68 22
Fig. 1. Drawings of the phantom desi;  5td. dev. 0.03 0.03 = = = = 0.10 11
(b) show the beam direction. A Farmy Farmer chamber 10.00 0.88 = = = - 9.78 1.0

detectors).

Accepted 27 April 2013
PPRIC Available online 22 July 2013
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of radlatmn delivery. An end-to-end procedure was designed and tested in both scanned proton and car-
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Polymer gels

32
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Polymer gel dosimetry

Proton gel dosimeter IV
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Polymer gel dosimetry
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Plastic scintillators

A. Beierholm, Risoe Goulet et al. 2012 Med Phys 39:4840
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Scintillators

MedAustron ™
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Microdosimetry...

AE element
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Chip :
about 5x5 mm?2

Andrea Pola, Politecnico di Milano
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Superconducting Absorber
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Nanodosimetry...
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